Bio-based insulation materials and their hygrothermal performance in a building envelope system (ETICS) by Palumbo, Mariana et al.
Bio-based insulation materials and their hygrothermal performance in 
a building envelope system (ETICS) 
M. Palumbo
1,2
, A. M. Lacasta
2
, M. P. Giraldo
2,3
, L. Haurie
2
, E. Correal
3
 
1
 Universitat Rovira i Virgili, Department of Chemical Engineering, Av. Països Catalans, 26, 
43007 Tarragona, Spain 
2 
Universitat Politècnica de Catalunya, Barcelona School of Building Construction (EPSEB), 
Av. Doctor Marañon 44, 08028 Barcelona, Spain 
3
 Catalan Institut of Wood. Forest Sciences Centre of Catalonia, Parc de Gardeny, Ed. H2 planta 
Baixa, 25003, Lleida. Headquarters: CTFC, Ctra. Sant Llorenç de Morunys, km 2. 25280, 
Solsona, Espanya. 
 
Abstract 
Bio-based insulation materials (such as wood or hemp) are emerging as a promising alternative 
in building envelope applications, aiming at improving in-use energy efficiency. When 
compared to common insulation materials (rock and glass wool or petrol-based foams) bio-
based materials present the advantage of being renewable, with a low embodied energy and CO2 
neutral or negative. Moreover, these materials have a distinct hygrothermal performance, as the 
sorption/desorption of water vapour in their porous structure, in dynamic equilibrium with their 
surrounding environment, constantly modifies their hygric and thermal properties while causing 
energy transfers itself.  In this paper, the hygrothermal performance of two different bio-based 
materials in outdoor conditions is evaluated. The first is an innovative light-weight composite 
made from corn pith and alginate. The second a commercially available wood insulator. The 
materials are tested alone and as components of external thermal insulation systems (ETICS) 
and compared to a conventional polystyrene foam. The results show how the sorption process 
influence the hygrothermal performance of the materials when the surrounding conditions 
modified. When subjected to cyclic changes in temperature and relative humidity, the bio-based 
materials tested show a lower temperature variation than polystyrene. This is in part due to their 
lower thermal diffusivity, but also to the water absorption and desorption mechanisms occurring 
within the materials, which were measured by the change in mass of the materials during the 
tests. The differences in the thermal performance were more noticeable when the insulation 
materials were tested alone than when these were tested as a part of an ETIC System.  
 
Keywords: bio-based materials, thermal insulation, hygrothermal performance, corn pith, 
construction. 
 
1. Introduction 
Recent developments support the use of natural fibres, such as wood, hemp, kenaf, cotton, flax 
or sheep’s wool, as an alternative to thermal insulations based on non-renewable resources. As a 
result, some bio-based insulation materials such as hemp wools or wood fibres can nowadays be 
found in the market. Much research has been carried out as well on the use of crop by-products 
such as straw, stalks or husks of cereals in building applications [Madurwar_2013], although 
such research more rarely resulted in commercial products. Among the available crop by-
products, vegetable pith is a promising one [Pinto_2011, Pinto_2012, Dowling_2007]. Pith 
refers to the parenchymal tissue (or a mixture of parenchymal tissue and spare vascular 
bunches) of some plants when it forms an elastic, spongy structure. This occurs, for instance, at 
the inner part of the maize, miscanthus, cattail or sunflower stalks. 
The use of bio-based materials for the building insulation purposes has multiple advantages. In 
addition of being renewable materials with a lower embodied energy than the petrol-based 
alternatives, their high hygroscopicity provides them with interesting properties for both indoor 
and outdoor applications [Korjenic_2011, Madurwar_2013]. Hygroscopic materials have the 
capacity of adsorbing and desorbing water vapour, which contributes to moderate extremes of 
humidity in indoor environments [Palumbo_2016, Osanyintola_2006, Simonson_2004, 
Qin_2011]. To evaluate this capacity, a useful index, the Moisture Buffering Value (MBV), was 
developed at the NORDTEST Project [Rode_2005, Rode_2007]. MBV refers to the mass of 
water vapour adsorbed and desorbed in the porous structure of a material that is exposed to a 
surrounding in which the relative humidity is cyclically changed between two levels.  In a 
previous paper [Palumbo_2016], the MBV was determined for several experimental and 
commercial bio-based insulation materials, according to the protocol of the standard ISO 24353 
(relative humidity of 73% and 53% for periods of 12 h, at constant temperature of 23 
o
C). All 
the analysed bio-based materials showed a MBV higher than 1.0 g/m
2ΔRH, which correspond 
to “good” and “excellent” moisture buffers [Collet 2013], although significant differences were 
observed among them. 
On the other hand, a change in the amount of water vapour present in the pores of a hygroscopic 
material will result in an alteration of its thermal and hygric properties [Jerman_2012, 
Jerman_2012_b, Collet_2014, Ochs_2007, Karamanos_2008, Carmeliet_2004]. Moreover, 
sorption processes involve the release (or absorption) of an energy of about 2.5 kJ/g. This heat 
diffuses through the sample leading to significant variations in temperature. In the previous 
paper already mentioned [Palumbo_2016] samples were tested in environments with constant 
temperature but cyclic variations of RH. It was found that changes in vapour water mass of 
about 2g lead to variations in temperature inside the sample. When measured at a depth of 15 
mm from the exposed surface, such variation was around 2
o
C. The results were corroborated by 
numerical simulations. At higher temperature and/or lower relative humidity, the water vapour 
content is lower. That means that if temperature increases (RH decreases) some energy needs to 
be absorbed in order to release the water molecules adsorbed at the surface. The opposite occurs 
if temperature decreases (RH increases), with the release of some amount of energy. This 
behaviour is especially relevant when the bio-based insulation is applied at the external side of 
the building envelope. The external insulation material can be subjected to important daily 
variations of temperature and relative humidity. For a fixed absolute humidity, a simultaneous 
increase of temperature and decrease of RH will take place during the day, whereas a 
simultaneous decrease of temperature and increase of relative humidity will happen at night. In 
these conditions, the energy absorbed during the heating period (when desorption occurs) and 
released during the cooling period (when adsorption occurs) will delay the thermic dynamics, 
thus increasing the thermal inertia. 
In this paper, some of the bio-based insulation materials previously analysed for indoor 
conditions [Palumbo_2016] are now tested under variable conditions that are representative of 
an outdoor environment, that is, simultaneous changes of temperature and relative humidity. 
The study includes commercial wood fibre (WF) and wood wool (WW) and experimental 
panels made with corn pith and sodium alginate (CA) [Palumbo_2015_tesis, Palumbo_2015, 
Palumbo_2016, Palumbo_2017]. Results are compared with those obtained for a conventional 
polystyrene insulation (EPS). Moreover, as the insulation materials in buildings are integrated 
into a complex construction system composed of layers of coating materials, the configuration 
of which determines the service performance of the materials, the hygrothermal performance of 
three complete External Thermal Insulation Composite Systems (ETICS) is also evaluated. 
 
2. Materials and experimental methods 
2.1. Materials and samples 
Both commercial and experimental insulations materials were tested. The experimental 
materials were formulated with corn pith and sodium alginate. The pith was removed from corn 
stalks, ground, and sieved to form a granulate. Samples of two different densities were prepared. 
The low density one (CA_LD) was made with pith granulate of a particle size of 2 mm, bound 
with a very low percentage of sodium alginate. The high density one (CA_HD) contained pith 
particles of smaller size (0.5 mm) and a higher amount of binder. Compositions are shown in 
Table 1.  
Table 1. Composition of the experimental corn pith-alginate samples. The values are presented as % in weight 
Sample Particle size (mm) Corn-pith (%) Alginate (%) Density (kg/m
3
) 
CA_LD 2 97.1 2.9 60 
CA_HD 0.5 95.0 5.0 100 
 
The study included other commercially available insulation boards. Two of them were also bio-
based materials, as they were made of wood fibres: a flexible low-density wood wool (WW) and 
a rigid high-density wood fibre board (WF). A non-bio-based insulation, a rigid expanded 
polystyrene (EPS), was also considered.  
 
Figure 1. Schema of the ETICS incorporating bio-based insulations prepared for the tests. In the case of the EPS, 
layers 1 and 2 had the same density (LD). 
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First, small samples of dimensions 240×160×70 mm
3
 were prepared in order to measure the 
thermal properties and analyse the hygrothermal behaviour in dynamic conditions of the 
materials. Afterwards, three complete thermal insulation systems of 700×700 mm
2
 were made, 
each one comprising two layers of the thermal insulator and a render consisting of a flexible 
mortar system. In the case of the bio-based materials, the two layers of insulation consisted of a 
first layer of 50 mm of a low-density board and a second layer of 20 mm of a higher density 
board. The first layer was constructed with a rigid wooden frame, while the second was screwed 
on top of it. In the case of the EPS, the two layers had the same density. The mortar system was 
formulated with cement and had three distinct coats: a first one of reinforcing mortar 
incorporating an imbedded reinforcing fiberglass mesh (2-3 mm), a primer coat, and a render (1-
2 mm). A schema of the systems is presented in Figure 1.  The relevant properties of the distinct 
layers are presented in Table 2.  
Table 2. Main characteristics of the different layers composing the ETIC Systems.  
ETIC 
system 
Layer 
Board  
type 
Composition 
Thickness 
(mm) 
 Density  
(kg/m
3
) 
Corn pith 
1 Rigid CA_LD: Corn pith + sodium alginate 50 60 
2 Rigid CA_HD: Corn pith + sodium alginate 22 100 
3
*
 Rigid Mortar (commercial) 2-3 1400 
4
*
 Rigid Render (commercial) 1-2 1800 
Wood 
1 Flexible WW: Wood wool, adhesive (commercial) 50 55 
2 Rigid WF: Wood fibre, adhesive (commercial) 22 230 
3
*
 Rigid Mortar (commercial) 2-3 1400 
4
*
 Rigid Render (commercial) 1-2 1800 
Polystyrene 
1 Rigid EPS: Expanded polystyrene (commercial) 50 30 
2 Rigid EPS: Expanded polystyrene (commercial) 20 30 
3
*
 Rigid Mortar (commercial) 2-3 1400 
4
*
 Rigid Render (commercial) 1-2 1800 
*Layers 3 and 4 were the same in all three prototypes 
2.2. Dynamic Vapour Sorption (DVS) 
Sorption/desorption measurements were performed using a Dynamic Vapor Sorption analyser 
DVS-100 (Surface Measurement Systems, UK) equipped with a microbalance. The samples, 
with a mass of the order of 1 g, were initially dried for 2 hours to establish the dry mass. RH 
humidity was then increased, linearly, from 0 to 90% in 12 hours and decreased from 90% to 
0% in 12 hours. Four cycles were repeated for each sample. Temperature was fixed to 25
o
C.  
2.3. Thermal properties  
The thermal conductivity () and diffusivity () were measured using a Quickline-30 Electronic 
Thermal Properties Analyser (based on ASTM D5930 standard) with a surface probe. Such 
equipment is based on the analysis of the transient temperature response of the material to heat 
flow variations induced by electrical heating using a resistor heater having direct thermal 
contact with the surface of the sample. The measurements were made at room conditions (20ºC; 
50%) in triplicate. 
2.4. Dynamic hygrothermal test for the insulation boards 
The hygrothermal behaviour of the materials were investigated with dynamic tests. A set up was 
designed where one specimen of each material (CA_LD, WW, EPS) was introduced in a 
climatic chamber pre-set to fulfil cycles in which temperature and relative humidity shifted. The 
dimensions of the three samples were of 240×160×70 mm
3
, and each one was equipped with 
two thermocouples. One of the thermocouples was placed at the centre of one of the large 
surfaces of the samples. The other was placed at the centre of their inner section (at 35 mm from 
the large faces). The temperature was recorded each minute. With the aim to minimise the 
thermal bridge from the sensor cable, a small diameter flexible thermocouple cable was used, 
and the joint was sealed at the surface with a tape to ensure air tightness. Each experiment was 
performed twice: a first time in which the temperature was recorded, and a second time in which 
the thermocouples were removed, and the samples were placed on top of a scale that recorded 
their weight during the test at a precision of 0.01 g. The two measurements were done separately 
because of the low density of the samples, which resulted in an important distortion from the 
sensor cables. The experimental set up is depicted in Figure 2. 
 
Figure 2. Schema of the experimental set up.  
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In the experiments, the variation of temperature and relative humidity were constrained in order 
to maintain a constant absolute humidity in the chamber. The temperature was varied every 12 
hours, abruptly, from 15ºC to 30ºC while the relative humidity was changed from 80% to 32%, 
as depicted in Figure 3. Before each experiment, the samples were conditioned for 24h at the 
initial conditions of the run. 
 
Figure 3. Schema of the run performed. Solid line correspond to temperature and dotted line to relative humidity. 
 
2.5. Stationary thermic test for the ETIC systems  
In the stationary test, the ETIC systems, of dimensions of 700 x 700 mm
2
, were subjected to a 
constant temperature gradient. To this end, the samples fitted in the opening of a climatic 
chamber with the rendered face inside the cooler enclosure and closed up in behind by a highly 
isolated box. The temperature of the box depended on the heating and cooling system of the 
laboratory, but the isolation of the box provided stable conditions to the prototype. The 
temperatures were maintained at 12ºC in the climatic chamber and 32ºC in the isolated box. 
Heat flux through the system was measured by attaching a heat flux sensor Hukseflux HFP01 in 
the free surface of layer 1 (face inside the hotter box). The temperature was recorded at various 
positions: air temperature within the isolated box (Tai), temperature at the surface of the 
prototype facing inside the isolated box (Tsi), temperature inside the system, at the interface 
between the two insulation layers (Tint), temperature at the surface of the prototype facing 
towards the climate chamber (Tse) and air temperature inside the climate chamber (Tae). Two 
thermocouples were used for each position, and the average was considered. The experimental 
set up is depicted in Figure 4. 
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Figure 4. Schema of the experimental setup. 
2.6. Dynamic hygrothermal test for ETIC systems 
In the dynamic test, the prototypes of ETICS were attached at the opening of a climatic 
chamber, so that one side faced the interior of the chamber and the other side, the testing room. 
The runs simulated outdoor conditions at the interior of the chamber and indoor conditions at 
the testing room. Thus, the coated surface of the prototypes was exposed to the interior of the 
chamber in all the experiments. Heat flux and temperatures were registered similarly as 
previously described for the stationary test: laboratory air temperature (Tai), surface temperature 
at the face outside the chamber (Tsi), temperature at the interior of the system, at the interface 
between the two insulation layers (Tint), surface temperature at the face inside the chamber 
(Tse) and air temperature inside the chamber (Tae). The position of the sensors was the same as 
the previously depicted in Figure 4.  
Each run was built by six identical cycles that emulated an average spring day in a moderate 
climate (CSa, following the Köppen-Geiger classification). Each cycle lasted 24 hours, in which 
the temperature progressively changed from 15 ºC to 30 ºC and the relative humidity, from 80% 
to 32%, similar to what would occur in a real evolution of outdoor conditions (Figure 5). 
 Figure 5. Schema of the run performed. Solid line corresponds to temperature and dotted line to relative humidity 
 
3. Results and discussion 
3.1. Dynamic Vapour Sorption (DVS) 
Sorption/desorption measurements were made, as described in section 2.2, for small samples of 
corn pith (CA_LD), wood wool (WW) and polystyrene (EPS). It is worth noting that the 
protocol, consisting of a linear increment of the relative humidity from 0 to 90% (and further 
linear decrement) is not the standard way of obtaining the sorption isotherms.  In a standard run, 
relative humidity is increased in 5% RH steps up to a maximum of 95% RH, and then decreased 
to 0% RH in 5% RH steps. The instrument maintains the sample at a constant RH until the 
weight change is very small. This procedure, even for very small samples, takes many days. 
Larger scale samples, under real climatic conditions, hardly reach an equilibrium stage, and 
therefore transient sorption isotherms can be more useful in this study. 
In Figure 6, the moisture content evolution for the three materials is presented. Only two of the 
four cycles performed are shown. The two natural materials start to adsorb water vapour from 
the beginning, reaching values of about 15% (Wood wool) and 35% (corn pith) at the maximum 
RH (90%). Polystyrene does not adsorb water until a time when RH is high enough (about 
80%). This water is adsorbed very rapidly at the beginning (until a moisture content of about 
4%) and then more slowly up to about 7%. In all the cases, an asymmetry can be seen between 
the rise and descent curves.  This is better shown in the transient sorption isotherms (Figure 7), 
where moisture content is plotted versus RH. The hysteresis between the adsorption (solid lines) 
and desorption (dashed lines) has a maximum of about 2% in the three cases. The vertical lines 
of Figure 7 indicate the range of HR considered in the rest of the tests of this work, that is, 32% 
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and 80%. It is interesting to note that, within this range, the variations in moisture content are 
about 15% for CA, 7% for WW and 5% for EPS.  
 
Figure 6. Moisture content (%) evolution for two cycles of 24 hours: CA (black solid line), WW (blue dashed line) 
and EPS (red dot-dashed line).  
 
Figure 7. Transient sorption isotherms for CA, WW and EPS for adsorption (solid lines) and desorption (dashed 
lines). Vertical lines point the range of HR considered in the rest of the paper (between  32% and 80%).  
3.2. Thermal properties 
Table 3 summarizes the thermal properties obtained for the analysed materials. The 
experimental corn-alginate insulations (CA_LD and CA_HD) have values similar to those 
obtained for wood wool (WW). As expected, the denser wood fibre board (WF) presents a 
0 
5 
10 
15 
20 
25 
30 
35 
0 12 24 36 48 
M
o
is
tu
re
 c
o
n
te
n
t 
(%
) 
Time (h) 
0 
5 
10 
15 
20 
25 
30 
35 
0 20 40 60 80 100 
M
o
is
tu
re
 c
o
n
te
n
t 
(%
) 
RH (%) 
CA 
WW 
EPS 
remarkable higher thermal conductivity and a lower diffusivity. EPS may seem to be the best 
option because of its lower conductivity value. However, its diffusivity value is more than twice 
higher than the one obtained for the CA and wood materials. To better quantify the importance 
of diffusivity in thermal dynamics, Table 3 also includes the thermal penetration depth dp at a 
time of 10 minutes, calculated as dp=(t)
1/2
, where  is the diffusivity and t the time. Results 
indicate that, if an increment of temperature is applied to one side of a sample, the depth to 
which the temperature will change significantly 10 minutes later is between 26 and 38 mm for 
the natural materials and 63 mm for the EPS. Therefore, it is expected that EPS will respond 
more quickly (the order or two times faster) to temperature variations.    
 
Table 3. Thermal conductivity, diffusivity, and penetration depth of the insulation materials 
 
Thermal conductivity 
(W/mK) 
Thermal diffusivity 
(10
-6
 m
2
/s) 
Penetration depth 
(mm)
CA_LD 0.042  0.001 0.70  0.05 36  1 
CA_HD 0.048  0.001 0.65  0.05 35  1 
WW 0.047   0.001 0.76  0.05 38  1 
WF 0.065  0.001 0.37  0.01 26  1 
EPS 0.036  0.001 2,1  0.1 63  1 
 
According to the thermal conductivities showed in Table 3, and taking into account the 
thicknesses of the layers composing the ETIC systems (see Table 2), the thermal resistances and 
the global thermal transmittance U of the insulation systems can be determined. The U-values of 
the systems were estimated supposing that the R-values of the layers 3 and 4 (mortar and 
render) are negligible and considering a thermal resistance of 0.13 m
2
K/W for both the interior 
and the exterior surfaces of the climatic chamber. This value corresponds to the internal surface 
resistance (Rsi) described at UNE-EN ISO 6946:2012 standard and was chosen as it was 
considered that at the experiment set-up, the air movement nearby both surfaces was low.   
Results are shown in Table 4.  
Table 4. Calculated thermal resistances and transmittances of the ETICS systems 
ETIC system 
Thermal resistance 
layer 1 
R1(m
2
K/W) 
Thermal resistance 
layer 2 
R2(m
2
K/W) 
Transmittance 
U (W/ m
2
K) 
Corn pith 1.19 0.46 0.52 
Wood 1.06 0.34 0.60 
Polystyrene 1.39 0.56 0.45 
 
3.3. Dynamic hygrothermal behaviour of insulation boards 
The hygrothermal performance of the samples were analysed using the methodology described 
in Section 2.. Three specimens, one of each material (corn pith_LD, wood_wool and 
polystyrene) were tested in a climate chamber.  
The results are depicted in Figure 8. As expected, the polystyrene sample has a very fast 
response to the external variations, reaching the chamber temperature in a short time. On the 
other hand, the hygroscopic characteristics of the two bio-based materials lead to an important 
slowdown in their thermal dynamics. It is interesting to observe the differences between them. 
The inset of Figure 8 shows a zoom for the first two hours of the test. It is possible to observe 
that the temperature inside the EPS sample grows faster than the other cases, in agreement with 
its higher diffusivity and depth penetration values (Table 3). The sample incorporating 
polystyrene reaches 20
o
C in only 8 minutes, whereas corn pith and wood samples need about 18 
minutes. At that time, the wood sample starts a plateau that keeps the temperature below 22
o
C 
for two hours. The temperature at the interior of the corn pith sample continues growing until a 
remarkable slowdown, which occurs at about 25
o
C. At time t = 12 hours, both the polystyrene 
and the wood samples have temperatures close to that of the chamber, but the temperature at the 
corn pith sample is 3
o
C lower. A similar behaviour is observed during the cooling process, when 
external conditions are abruptly changed to 15
o
C and 80% RH, although here the plateau for the 
wood sample is not so clearly observed. 
 
Figure 8. Temperature registered by the thermocouple placed at the centre of the samples: corn pith (black solid 
line), Wood (blue dashed line) and polystyrene (red dot-dashed line) for two cycles of run 2. Inset: zoom showing the 
first two hours of the heating process. 
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The temperature evolutions are directly related with the absorption and desorption of water 
vapour and therefore with the mass variations of the samples. In Figure 9, the temperature at the 
core of the materials (solid lines) and the mass change (dashed lines) are simultaneously plotted 
for the three samples. It can be observed that mass variations in the polystyrene sample are 
minimal.  Compared with the corn pith, mass change at the wood material is a bit faster at the 
beginning, but it slows down after 2 hours. After 12 hours, corn pith has not reached a 
stationary mass value yet. This behaviour is in qualitative agreement with the results obtained 
for dynamic vapour sorption already discussed in section 2.2. EPS absorbs less quantity of 
water vapour than the bio-based materials. In addition, the low water vapour permeability of 
EPS constrains the sorption process to the surface of the sample.  
The variations of temperature and mass are more gradual for the bio-based insulation boards due 
to the higher thermal inertia and hygrothermal behaviour of these lignocellulosic materials. In 
the case of corn pith, the variations are smoother, and the time needed to reach the stationary 
state is higher than for wood, probably due to differences in the mechanisms of water absorption 
and desorption.  
 Figure 9. Simultaneous evolution of temperature at the core of the material (solid lines) and mass (dashed lines) for 
corn pith (top), wood (middle) and polystyrene (bottom) corresponding to the same cases of Figure 8. 
3.4. Stationary thermic test for the ETIC systems  
Previous to the dynamical study of the ETIC systems, the stationary test described in section 2.5 
was performed on the prototypes of dimensions 700×700 mm
2
 (see Table 2). Constant 
temperatures of about 12ºC and 32ºC were maintained in the enclosures at the two sides of each 
prototype for one week. Table 5 summarize the data, averaged along 2 days, obtained after the 
stationary regime was achieved. As expected, the wood system showed the highest heat flux 
value and the polystyrene system, the lowest. From these data, thermal resistances and 
transmittances can be determined as: Rsi = (Tai-Tsi) / H; R1 = (Tsi-Tint) / H; R2 = (Tint-Tse) / 
H; Rse = (Tse-Tae) / H and U = H / (Tai-Tae). The results, shown in Table 6, are in good 
agreement with those presented in Table 4, calculated from the characteristics of each layer of 
the systems. 
   Table 5. Heat flux and temperatures for the stationary test.  
ETIC 
system 
 Heat flux  
H (W/m
2
) 
Air inner 
temperature  
Tai (
o
C) 
Surface 
inner 
temperature 
Tsi (
o
C) 
 
Interfase 
temperature 
Tint (
o
C) 
Surface 
external 
temperature  
Tse (
o
C) 
 
Air external 
temperature 
Tae (
o
C) 
Corn pith 10.6 32.0 30.4 18.4 13.6 12.0 
Wood  12.8 32.2 29.0 17.3 12.9 11.3 
Polystyrene 8.75 31.2 29.9 18.1 12.9 11.7 
 
Table 6. Measured thermal resistances and transmission of the ETICS.  
ETIC 
system 
Internal 
surface 
resistance 
Rsi (m2K/W) 
Thermal 
resistance 
layer 1 
R1 (m2K/W) 
Thermal 
resistance 
layer 2 
R2 (m2K/W) 
External 
surface 
resistance 
Rse (m2K/W) 
Transmittance 
U (W/ m2K) 
Corn pith 0.15 1.13 0.45 0.15 0.53 
Wood  0.25 0.92 0.34 0.12 0.61 
Polystyrene 0.15 1.35 0.59 0.14 0.45 
 
3.5. Dynamic hygrothermic test for the ETIC systems 
The ETIC system prototypes were tested in a climatic chamber, following the setup and 
protocol described in section 2.6. As it has been previously stated, each cycle consisted in a 
daily simultaneous variation of temperature and RH with the aim to simulate the evolution of 
outside weather conditions of an average spring day in a moderate climate. Thus, air 
temperature and RH within the chamber were comparable to the outside of a building while air 
conditions at the testing room were comparable to the inside of a building. The temperature at 
various positions, as well as the heat flux were reported all along the experiment. 
The results of the tests are presented in Figure 10. The temperatures at the surface inside the 
chamber (Tse), at the interface of the two insulation layers (Tint) and at the surface outside the 
chamber (Tsi) are plotted for 4 cycles. The results show a similar behaviour for the three 
insulation systems. However, minor differences are noted. Despite being the prototype with the 
largest total transmittance U, the temperature amplitude Tsi is lower in the wood system than in 
the polystyrene system (which has the lowest transmittance U). The attenuation factor (µTI), 
calculated as the ratio of the interior and exterior temperature amplitudes, was 0.33 for CA and 
WW and 0.37 for EPS (average of six consecutive cycles). Lower values indicate higher thermal 
inertia. As it was observed in previous tests for the WW boards alone (section 3.3), in the wood 
system the sinusoidal shape of the curves is flattened. This indicates that the temperature change 
is slowed down when the temperature in the climate chamber is maintained. For the heat flux 
evolutions, similar results were obtained for the three systems. 
 
Figure 10. Temperatures Tse (black dashed line), Tint (green solid line) and Tsi (red dot-dashed line) for the three 
ETIC systems; corn pith (top), wood (middle) and polystyrene (bottom) for 4 cycles (temperature shift from 15 to 
30ºC and RH from 80% to 32%). 
From the results of this section, it can be concluded that the differences observed in the dynamic 
hygrothermal behaviour of the bio-based insulation boards compared with polystyrene are 
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smaller in the ETIC systems. One of the reasons is probably the effect of the Portland cement 
mortar, which hinders the hygrothermal behaviour of the bio-based materials. Some new 
preliminary tests (not yet published) comparing different renders seem to support this 
assumption. 
 
4. Conclusions 
In this work, two bio-based insulation boards, corn pith and alginate (CA) and wood wool 
(WW), are compared with expanded polystyrene foam (EPS). EPS presents the lower thermal 
conductivity (0.036 W/mK), while the thermal conductivities of CA and WW insulators are in 
the same range, 0.042 and 0.048 W/mK respectively. Similarly, the thermal diffusivity values of 
both bio-based insulation boards are comparable: 0.70·10
-6
 m
2
/s for CA and 0,76·10
-6
 m
2
/s for 
WW, while EPS exhibits a significantly higher diffusivity of 2.1·10
-6
 m
2
/s. Lower values of 
thermal diffusivity are related with a higher thermal inertia of the material.  
Dynamic Vapour Sorption (DVS) results show that EPS adsorbs and desorbs less water vapour 
than bio-based materials. Furthermore, EPS sorption process is very fast. In the range of HR 
between 32% and 80 the variations in water vapour content are about 15% for CA, 7% for WW 
and 5% for EPS.  
The results of the dynamic hygrothermal test show that when subjected to cyclic changes in 
temperature and humidity, the bio-based materials (WW and CA) experience a slower 
temperature change at the core of the sample than EPS. This behaviour can be explained due to 
the higher thermal inertia and hygroscopicity of the bio-based insulation boards. Moreover, 
distinct patterns were observed in the way the temperature changed in WW and CA, which is 
related to the difference in water absorption and desorption mechanisms found in DVS. In CA 
the variations of temperature and mass with the time are more gradual and more time is required 
to reach the final temperature and mass than in the WW.  
Finally, the insulation boards were integrated in three ETIC systems, which contained two 
layers of insulation material and a render. In the case of the bio-based materials the second 
insulation layer was of higher density and therefore the thermal conductivities of the second 
layer were also higher. From the parameters obtained in the stationary thermic test the thermal 
resistances and transmittances of the system were worked out. As expected the ETIC system 
incorporating polystyrene had the lowest transmittance, 0.45 W/m
2
K and the one incorporating 
wood, the highest: 0.61 W/m
2
K.  
The ETIC systems do not exhibit as remarkable differences as the insulation boards alone did in 
the dynamic hygrothermal test. The use of a render based on Portland cement mortar that 
diminishes breathability and therefore makes more difficult the water absorption and desorption 
processes may be one of the reasons to explain this fact. Other kind of renders more suitable for 
hygroscopic insulation materials (such as lime or earth-based mortars) should be investigated to 
elaborate bio-based ETIC systems.  
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